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0HWDO PHVK GHYLFHV ZHUH GHYHORSHG ZLWK D JUHDWHU VHQVLWLYLW\ DW  7+] WKDQ DW  7+] 'HWHFWLRQ RI D ELRWLQ±
VWUHSWDYLGLQ FRPELQDWLRQ ZDV WHVWHG XVLQJ WKHVH GHYLFHV RSHUDWLQJ DW  7+] WR HYDOXDWH WKHLU KLJKVHQVLWLYLW\
FDSDELOLW\([SHULPHQWDOUHVXOWVVKRZHGWKDW WKHFRPELQDWLRQZDVFOHDUO\GHWHFWHGODEHOIUHHE\DUHGVSHFWUDOVKLIW
LQGLFDWLQJWKHSRVVLELOLW\RIXVLQJWKHVHPHWDOPHVKGHYLFHVIRUPHGLFDOLQVSHFWLRQV
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,QWURGXFWLRQ
0HWDOPHVKGHYLFHVZKLFKDUHDUWLILFLDO VWUXFWXUHVZLWKSHULRGLFKROHV LQPHWDO VXEVWUDWHVKDYHEHHQ
H[WHQVLYHO\VWXGLHGIRUXVHDVIUHTXHQF\VHOHFWLYHILOWHUV>@7KHLUZRUNLQJIUHTXHQFLHVDUHGHWHUPLQHGE\
WKHLUJHRPHWULFDOVFDOHHVSHFLDOO\WKHLUODWWLFHFRQVWDQWV5HFHQWO\WKHVHGHYLFHVKDYHDWWUDFWHGUHQHZHG
DWWHQWLRQEHFDXVHRIQRYHOUHVXOWVUHODWHGWRWKHLUWUDQVPLVVLRQSURSHUWLHV>@
7KHXVHRIPHWDOPHVKGHYLFHVDVVHQVRUVLVRQHSURPLVLQJDSSOLFDWLRQ>@7KHVHQVLQJPHFKDQLVPLV
DWWULEXWDEOHWRORFDOL]DWLRQRIWKHHOHFWURPDJQHWLFILHOGRQWKHVXUIDFHRIWKHGHYLFHV7KHGHFD\GLVWDQFH
IURPWKHVXUIDFHWRWKHRXWHUVLGHLVSURSRUWLRQDOWRWKHODWWLFHFRQVWDQWRIWKHGHYLFHVDQGWKHFKDQJHLQ
WKHUHIUDFWLYHLQGLFHVRQWKHVXUIDFHRIWKHPHWDOPHVKOHDGVWRDVSHFWUDOVKLIWRIWKHWUDQVPLWWDQFHZKHQD
VDPSOHLVDWWDFKHGWRWKHVXUIDFH:KHQDVXEVWUDWHZDVDWWDFKHGWRWKHPHWDOPHVKGHYLFHVKRZHYHUWKH
RULJLQDOORFDOL]HGHOHFWURPDJQHWLFILHOGRQWKHVXUIDFHRIWKHPHWDOPHVKGHYLFHEHFDPHZHDNDQGWKXV
WKHPRVWVXLWDEOHFRQGLWLRQVIRUORFDOL]HGHOHFWURPDJQHWLFILHOGVDUHUHDOL]HGRQIUHHVWDQGLQJPHWDOPHVK
GHYLFHV
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,Q WKH IDULQIUDUHG DQG PLGLQIUDUHG UDQJH IDEULFDWLQJ PHWDO
PHVKGHYLFHVZLWKRXWDVXEVWUDWHLVHDV\EHFDXVHWKHJHRPHWULFDO
VFDOHLQSDUWLFXODUWKHWKLFNQHVVRIDPHWDOPHVKGHYLFHZRUNLQJ
LQ WKH IDULQIUDUHG DQG PLGLQIUDUHG UDQJH LV RYHU  ȝP 8VLQJ
IUHHVWDQGLQJ PHWDO PHVK GHYLFHV D IHZ UHSRUWV KDYH GHVFULEHG
VHQVRUDSSOLFDWLRQVDURXQGVHYHUDO7+]>@EXWSUHYLRXVVWXG\
RI VHQVLQJWHFKQLTXHVXVLQJ IUHHVWDQGLQJPHWDOPHVKGHYLFHVKDV
QRW EHHQ VXIILFLHQWO\ FRPSUHKHQVLYH IRU KLJKVHQVLWLYLW\
DSSOLFDWLRQV ,Q WKLV ZRUN KLJKIUHTXHQF\ PHWDO PHVK GHYLFHV
ZHUH H[DPLQHG IRU KLJKVHQVLWLYLW\ GHWHFWLRQ EHFDXVH WKH GHFD\
OHQJWKRI WKH ORFDOL]HGHOHFWURPDJQHWLF ILHOG LV VKRUWHU IRUKLJKHU
ZRUNLQJIUHTXHQFLHV>@
+HUHPHWDOPHVKGHYLFHV RSHUDWLQJDWKLJKHU IUHTXHQFLHVZHUHH[DPLQHG WRDFKLHYHKLJKVHQVLWLYLW\
7KH VHQVLWLYLW\ZDV GHGXFHG IURP WKH IUHTXHQF\ VKLIW RI WKH GLS LQ WKH WUDQVPLVVLRQ VSHFWUD EHIRUH DQG
DIWHUWKHVDPSOHZDVDWWDFKHGWRWKHGHYLFHV8VLQJDPHWDOPHVKGHYLFHRSHUDWLQJDW7+]D6L2WKLQ
ILOPZDVGHWHFWHG)RUKLJKHUVHQVLWLYLW\DELRWLQ±VWUHSWDYLGLQFRPELQDWLRQZDVGHWHFWHGODEHOIUHHXVLQJ
DPHWDOPHVKGHYLFHRSHUDWLQJDW7+]
5HVXOWVDQGGLVFXVVLRQ
)UHHVWDQGLQJ PHWDO PHVK GHYLFHV FRQVLVWLQJ RI DUUD\V RI VTXDUH KROHV LQ WZRGLPHQVLRQDO VTXDUH
ODWWLFHVRQQLFNHOILOPZHUHH[DPLQHG)LJXUHDQG7DEOHVKRZWKHWKUHHW\SHVRIPHWDOPHVKGHYLFHV
FRQVLGHUHGLQWKLVVWXG\ZKLFKZHUHRSHUDWLQJDW7+]7+]DQG7+]7KHWUDQVPLVVLRQVSHFWUD
ZHUH PHDVXUHG XVLQJ D FRQYHQWLRQDO )RXULHU WUDQVIRUP LQIUDUHG VSHFWURVFRS\ )7,5 V\VWHP 7KH
SHUSHQGLFXODULQFLGHQWZDYHZDVIRFXVHGRQDQDUHDDERXWPPLQGLDPHWHURQWKHPHWDOPHVKGHYLFHV
(DFKH[SHULPHQWVZHUHFDUULHGRXWE\HLJKWWLPHV1 
7DEOH*HRPHWULFDOGHVLJQSDUDPHWHUVRIWKHPHWDOPHVKGHYLFHV





)LJXUHVKRZVWUDQVPLVVLRQVSHFWUDEHIRUHDQGDIWHUDȝPWKLFNSRO\HWK\OHQHWHUHSKWKDODWH3(7
ILOP ZDV DWWDFKHG WR WKH IURQW RI WKH PHWDO PHVK GHYLFH ZKLFK ZDV ZRUNLQJ DW  DQG  7+] :H
HVWLPDWHGWKDWWKHUHIUDFWLYHLQGH[QRIWKH3(7DW7+]ZDVDOPRVWWKHVDPHDVWKDWDW7+]Qa
7KH WUDQVPLVVLRQ VSHFWUD VKRZHG GLSV DSSHDULQJ LQ WKH EDQGSDVV WUDQVPLWWDQFH FXUYHV EHORZ WKH
GLIIUDFWLRQ IUHTXHQF\ 7+]RU 7+] GXH WRD IRFXVLQJ H[FLWDWLRQ >@ )LJXUHD VKRZVYHU\
VOLJKW GLIIHUHQFHV EHWZHHQ WKH VSHFWUD EHIRUH DQG DIWHU WKH 3(7 ILOP ZDV DWWDFKHG ZLWKLQ WKH
PHDVXUHPHQW DFFXUDF\ )LJXUH E LQGLFDWHV WKDW WKHDGGLWLRQ RI WKH3(7 ILOP FDXVHGD VLJQLILFDQW UHG
VSHFWUDOVKLIW7KHIUHTXHQF\VKLIWZDVWLPHVWKDWDW7+]7KHVHUHVXOWVLQGLFDWHWKDWWKHVHQVLWLYLW\RI
WKHPHWDOPHVKGHYLFHZDVJUHDWHUDWKLJKHURSHUDWLQJIUHTXHQFLHV
7KH VHQVLWLYLW\ RI WKHPHWDOPHVK GHYLFHV DW  7+]ZDV H[DPLQHG E\ WKH 6L2 ILOP VDPSOH WKH
UHIUDFWLYHLQGH[RI6L2Qa)LJXUHDVKRZVW\SLFDOWUDQVPLVVLRQVSHFWUDDIWHU6L2WKLQILOPZDV
SODFHGRQWKHIURQWVXUIDFHRIWKHPHWDOPHVKGHYLFH7KH6L2WKLQILOPZDVIDEULFDWHGRQWKHVXUIDFHRI
:RUNLQJIUHTXHQF\
ZDYHOHQJWK
/DWWLFHFRQVWDQW +ROHOHQJWK )LOPWKLFNQHVV
7+]ȝP ȝP ȝP ȝP
7+]ȝP ȝP ȝP ȝP
7+]ȝP ȝP ȝP ȝP

)LJ0HWDOPHVKGHYLFH
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PHWDOPHVKGHYLFHRQO\VROLGOLQHDIWHUIL[LQJELRWLQWRWKHVXUIDFHRIWKHPHWDOPHVKGHYLFHWKLQOLQHDQGDIWHU
DSSO\LQJVWUHSWDYLGLQGDVKHGOLQHE5HODWLRQVKLSEHWZHHQWKHVXUIDFHFRQGLWLRQRIWKHPHWDOPHVKGHYLFHDQG
WKHIUHTXHQF\VKLIW
WKHPHWDOPHVK GHYLFH ZLWK D WKLFNQHVV RI  UHIHUHQFH    DQG  QP E\ D FRQYHQWLRQDO
VSXWWHULQJPHWKRG )LJXUH D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EZKLFKVKRZVWKDWWKH6L2WKLQILOPZDVGHWHFWHGE\WKHPHWDOPHVKGHYLFHZLWKDVHQVLWLYLW\RI
QJPPQPWKLFNQHVV
7R HYDOXDWH WKH KLJKVHQVLWLYLW\ RSHUDWLRQ RI WKHVH GHYLFHV WKH GHWHFWLRQ RI D ELRWLQ±VWUHSWDYLGLQ
FRPELQDWLRQZDVWHVWHGXVLQJPHWDOPHVKGHYLFHVRSHUDWLQJDW7+]7KHWKLROELRWLQZDVIL[HGRQWKH
VXUIDFHRIWKHPHWDOPHVKGHYLFHGLUHFWO\EDVHGRQWKHJROGWKLROELQGLQJSURWRFRO7KHQWKHVWUHSWDYLGLQ
VROXWLRQ RI  PJPO ZDV DSSOLHG )LJXUH D VKRZV WKH WUDQVPLVVLRQ VSHFWUD DW HDFK VWHS RI WKH WHVW
VHTXHQFH7KHGHYLFHVZHUHPHDVXUHGDIWHUQDWXUDOGU\LQJ)LJXUHDLQGLFDWHVWKDWWKHUHGVSHFWUDOVKLIW
ZDVFOHDUO\REVHUYHGDWHDFKVWHSRIWKHWHVWVHTXHQFHZKLOH)LJEVKRZVWKHUHODWLRQVKLSEHWZHHQWKH
VXUIDFHFRQGLWLRQRIWKHPHWDOPHVKGHYLFHDQGWKHUHGVSHFWUDOVKLIW7KHZHLJKWRIWKHVROLGLQWKHPP
VTXDUHZDVDERXWQJPPZKHQWKHVXUIDFHRIWKHGHYLFHZDVFRDWHGE\WKHVROLGZLWKDWKLFNQHVVRI
QP WKH GHQVLW\ LVDVVXPHG WR EH  NJP7KHUHIRUH )LJ  LQGLFDWHV WKDW WKH VHQVLWLYLW\ RI WKHPHWDO
PHVKGHYLFHRSHUDWLQJDW7+]ZDVOHVVWKDQQJPP7KHVHUHVXOWVLQGLFDWHGWKDWWKHFRPELQDWLRQRI
WKHELRWLQDQGWKHVWUHSWDYLGLQZDVGHWHFWHGODEHOIUHHDQGWKDWWKHVHPHWDOPHVKGHYLFHVFRXOGEHXVHGIRU
PHGLFDOLQVSHFWLRQV
6XPPDU\
0HWDOPHVKGHYLFHV RSHUDWLQJDWKLJKHU IUHTXHQFLHVZHUHH[DPLQHG WRDFKLHYHKLJKVHQVLWLYLW\7KH
VHQVLWLYLW\ZDVGHGXFHGIURPWKHIUHTXHQF\VKLIWRIWKHGLSLQWKHWUDQVPLVVLRQVSHFWUDEHIRUHDQGDIWHUWKH
VDPSOHZDVDWWDFKHGWRWKHGHYLFHV8VLQJWKHPHWDOPHVKGHYLFHRSHUDWLQJDW7+]WKHVSXWWHUHG6L2
WKLQ ILOP ZDV GHWHFWHG ZLWK D VHQVLWLYLW\ RI  QJPP )RU KLJKHU VHQVLWLYLW\ D ELRWLQ±VWUHSWDYLGLQ
FRPELQDWLRQ ZDV FOHDUO\ GHWHFWHG ODEHOIUHH XVLQJ WKHPHWDO PHVK GHYLFH RSHUDWLQJ DW  7+] ZLWK D
VHQVLWLYLW\ RI  QJPP 7KHVH UHVXOWV LQGLFDWH WKH SRVVLELOLW\ RI XVLQJ WKHVH PHWDO PHVK GHYLFHV IRU
PHGLFDOLQVSHFWLRQV
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